HITACHI IC MEMORIES 


(-1i -27 81-8) 


HM4716A / AP 
©) HITACHI 






16384-word x 1-bit Dynamic Random Access Memory 


The HM4716A is a 16,384 word by 1 bit MOS random access memory circuit 
fabricated with HITACHI’s double poly N-channel silicon gate process for high 
performance and high functional density. The HM4716A uses a single transistor 
dynamic storage cell and dynamic control circuitry to achieve high speed and low 
power dissipation. Multiplexed address inputs permit the HM4716A to be packaged 
in astandard 16 pin DIP on 0.3 inch centers. This package size provides high system 
bit densities and is compatible with widely available automated testing and 
insertion equipment. The HM4716A is designed to facilitate upgrading of the 
16-pin 4K RAM. However, the data output latch incorporated in the present 4K 
design is not appropriate for 16K RAM’s. This new generation of memory products 
(16K RAM's) requires a slightly modified output stage to allow more system 
flexibility. Instead of the conventional latch, the HM4716A output is controlled by 
the Column Address Storobe (CE). Data out of the HM4716A will remain valid 
from the access time from the Column Address Strobe unit! CE goes into precharge 
(logic 1). However, in early write cyles (W active low before CE goes low), the data 
output will remain in the high impedance (open-circuit) state throughout the entire 
cycle. This type of output operation results in some very significant system 
implications. 


1. Common I/O Operation 

If all write operation are handled in the ‘‘early write’’ mode, then data in can be 
connected directly to data-out on a printed circuit board. 

2. Data Output Control 

Data well remain valid at the output during a read cycle from TCELQV until CE 
returns to precharge. 

This allows data to be valid from one cycle up until a new memory cycle begins. 

3. Two Methods of Chip Selection 

Both CE and/or RE can be decoded for chip selection. 

4. Refresh 

Refreshing can be accomplished every by either of the two following methods: 
(1) normal read or write cycles on 128 addresses, AO to A6. 

(2) RE only cycles on 128 addresses, AO to A6. 

A write cycle will refresh stored data on all bits of the selected row except the bit 
which is addressed. 

RE only regreshes results in a substantial reduction in operating power. 

5. Page Mode Operation 

The HM4716A is designed for page mode operation. 
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RAS RE Row Address 
Strobe 

WRITE! W Read/Write Input 

Ves VBB-_ | Power (—5V) 

Voc VCC Power (+5V) 

Voo VDD Power (+12V) 

Vss VSS Ground 
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HM4716A-1, HM4716A-2, 
HM4716A-3, HM4716A-4 





(DG-16A) 


HM4716AP-1, HM4716AP-2, 
HM4716AP-3, HM4716AP4 


= PIN ARRANGEMENT 





(Top View) 


= FEATURES ® Maximum Access Time 


@ All Inputs Including Clocks TTL Compatible HM471GA-1 .......... 120ns 
@ Input Latches for Address and Data in MMATIGAD .......0c0.. 150ns 
@ Three-State TTL Compatible Output a 200ns 
@ Common |/O pleat ra , eS | ae Oe 250ns 
@ Only 128 Refresh Cycles Required Every 2ms . 
@ Standard Power Supplies +12V, +5V, —5V o Read or Write Cycle Time 
(all with 10% tolelance) a 320ns 
HM4716A-2 -------+--+-- 320ns 
HM4716A-3 ------+-++-s 375ns 
HM4716A-4 --------+--5 410ns 


= FUNCTIONAL DIAGRAM 
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= ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to VBB ......---+-+eeeeee —0.5V to+20V 
Voltage on VDD, VCC Supplies relative to VSS ..-..---- —0.5V to +15V 
Voltage onQ pin relative to VSS) «ee eee eee ee ee eee —0.5V to +10V 
Operating Temperature, TA(Ambient) .-..--.-------- 0°C to +70°C 
Storage Temperature (Ambient)* ------++++s+eeereee —65°C to +150°C 
Shart-circult OUMDUTCUFTOTIT «0 cece cece e esas 50mA 

POWGF GIEBIDELION «= me 0 ce cece sence recs neenes 1W 


* In case of HM4716AP Series are —55°C to +125°C. 


= RECOMMENDED DC OPERATING CONDITIONS (TA=0 to +70C) 


Parameter Symbol 
VDD 
VC 


Supply Voltage 
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Input High(logic 1) Voltage RE, CE, W VIHC 
Input High(logic 1) Voltage All inputs except RE, CE, W he 


Input Low (logic 0) Voltage all inputs 
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Notes 





DC ELECTRICAL CHARACTERISTICS 


(TA=0 to +70°C, VDD=12V1+10%, VCC=5V+10%, 


VBB=—5V+10%, VSS=0V) 


Parameter 
OPERATING CURRENT 
Average Power Supply Operating Current 
(RE, CE Cycling; TRELREL=375ns) 
STANDBY CURRENT 
Power Supply Standby Current (RE = CE = VIHC) 








~ REFRESH CURRENT 


Refresh Mode 
(RE Cycling, CE=VIHC; TRELREL =375ns) 
PAGE MODE CURRENT 

Average Power Supply Current, 


Average Power Supply Current, 


Page-mode Operation 


(RE=VIL, CE Cycling; TCELCEL=225ns) 





INPUT LEAKAGE 

Input Leakage Current, any Input(VBB=—5V, VIN= 
all other pins not under test=0V) 

OUTPUT LEAKAGE 

Output Leakage Current (Q is Disabled, VOUT=0 to +5.5V) 


0to +7V, 





OUTPUT LEVELS 
Output High(Logic 1) Voltage (lOUT=—5mA) 
Output Low (Logic 0) Voltage (IOUT =4.2mA) 


NOTES 


1. 


Z. 


5. ICC2, 


All voltages referenced to VSS, VBB must be applied 
before and removed after other supply voltage. 

Current depend on cycle rate: maximum current is 
measured at the fastest cycle rate. 

_ ICC depends upon output loading. The VCC supply is 

connected to the output buffer only. 

. Output voltage will swing from VSS to VCC when 
activated with no current loading. For purposes of 
maintaining data in standby mode, VCC may be reduced 
to VSS without affecting refresh operations or data 
retention. However, the VOH (min) specification is not 


guaranteed in this mode. 
ICC3 and IOL consists of leakage current only. 


. AC measurements assume TT = 5ns. 

_ VIHC (min) or VIH (min) and VIL (max) are reference 
levels for measuring timing of input signals. Also, transi- 
tion times are measured between VIHC or VIH and VIL. 

_ Assumes that TRELCEL = TRELCEL (max). If TREL- 
CEL is greater than the maximum recommended value 
shown in this table, TRELOV exceeds the value shown. 

_ Assumes that TRELCEL = TRELCEL (max). 

_ Measured with a load circuit equivalent to 2TTL loads and 
100pF (in case of HM4716A-2:1 TTL and 50pF). And 
VSS + 0.8V, VSS + 2.0V are the reference level for 
measuring timing of Q. 


AC ELECTRICAL CHARACTERISTICS 


Parameter 
Input Capacitance (A0-A6, D) 
Input Capacitance RE, CE, W 
Output Capacitance (Q) 
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12. 


13. 


18. 


Notes 
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[Symbol | min. | max. | Units _| 


m 


> 


ICCl 
IBB1 


& 
>| > 


ICC 
IBB 
IDD 
ICC 
IBB 


— 
: ~~ 
bo | U1! DO 


La] a er 
ele /3 = 
>| >| >| >] > > 
wa 


— 
3 
> 


Ww 


ICC4 


a ee 


ul 


pes 


TCEHQZ (max) defines the time at which the output 
achieves the open circuit condition and is not referenced 
to output voltage levels. 

Operation with the TRELCEL (max) limit insures that 
TRELQC (max) can be met TRELCEL (max) is specified 
as a reference point only; if TRELCEL is greater than the 
specified TRELCEL (max) limit, then access time is 
controlled exclusively by TCELQV. 

These parameters are referenced to CE leading edge in 
early write cycles and to W leading edge in delayed write 
or read-modify-write cycles. 


. TWLCEL, TCELWL and TRELWL are not restrictive 


operating parameters. They are included in the data sheet 
as electrical characteristics only: if TWLCEL = TWLCEL 
(min), the cycle is an early write and the data out pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if TCELWL = TCELWL (min) and TRELWL 
will contain data read from the selected cell; if neither of 
the above sets of conditions is satisfied the condition of 
the data out (at access time) is indeterminate. 

Capacitance measured with Boonton Meter or effective 
capacitance measuring method. 


. CE = VIHC to disable Q. 
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= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(TA=0 to +70°C, VDD=12V+10%, VCC=5V+10%, VSS=0V, VBB=—5V+10%) 


cee: Symbol HM4716A-1 |HM4716A-2 | HM4716A@_ |HM4716A-4 
oi _[ New [min [max. min, [ max. [min | max. min. | max. 
Random Read or Write Cycle Time TRELREL | 320 | — [320] — [375] -— [410] - | ns | 
Read-Write Cycle Time /trwe _|gfRELREL Aes [= fsish - | ns 
Page Mode Cycle Time wo pYewboe. [veo | - Time | = 9 bas |e ree Fe | 
Access Time From RE TRELQV | — | 120[- | 1so| - | 200| - | 250| ns _ 
Access Time From CE reac (TCELQV, | - | 80 | — | 100] — | y135j| - | 165] ms 
Output Buffer Turn-off Delay torr |TcEHZ | o| 35] o| so] o| oo| o| 70| ms 
Transition Time (Rise and Fall a er Ce 
RE Precharge Time inp gTREAREL [100 | — [100] - 120] - |150| — | as | 
RE Pulse Width teas gTRELREA J 120 [10000 | 150 [10000 },200g 10000 | 250 [10000 | ns 
RE Hold Time TtrsH |TCELREH | 80 [ — [100 | -— [135 | - [165 | - | ns | 
CE Pulse Width teas [TCELCEH | 80 [10000 | 100 [10000 | 135 [10000 | 165 [10000 [ ns 
CE Hold Time [tesa |TRELCEH |120| - [180] — | 200] - |250[ - | m 
RE to CE Delay Time Virep |@RELCEL,| 15 | 40 | 25 | 50 | 30-| y65g 40 85| ns 
CE to RE Precharge Time Cterp|TCEAREL | o| - |-20| - |-20| - |-20[ — | ws 
Row Address Set-up Time ann |TAVREL | oO] - | ©) >] 0] >| 0] — | 
Row Address Hold Time Ctra |@RELAXg| 15] - | | - | | - [Gy - | = | 
Column Address Setup Time rtase “wraveeL [-5|- | -s|- | -s| - | S| — [| _ 
Column Address Hold Time ean (CELA | 40, - | 4s] - | 35] - [azul — [mo 
Column Address Hold Time Reference to RE TRELAX | 80 | — | 95[ — | 120] - [160| - | ns | 
Read Command Setup Time TwHcEL [| o| - | of - | of - | o| - | ms | 
Read Command Hold Time TeeRwE | o| - | 2] —- | 2, - | | — | ms 
Write Command Hold Time TcELWH | 40[ - [| 4s; - | ss] - | | - [m= 
Write Command Hold Time Referenced RE TRELWH | 80| — | 95 | — [120] - |[160| - | ns | 
Write Command Pulse Width mea Pe 
Write Command to RE Lead Time Cenwe |TWLREH | so] - | 60| - | 80| - |100| — | ms 
Write Command to CE Lead Time wwickH | so| — | 60 | — |osd) — | 100], — .) ma | 
Data-in Set-up Time a a ee 
Data-in Hold Time Tipe _|tceipxy| 40 | — | 45 | — [psepm | 75] = | ns 
Data-in Hold Time Referenced RE TRELDX | oo) — | 95] — | 120) - |160) -— | me) 
acannon 
Refresh Period eee TeveN | a] Ped OR oR alee Se 
W Command Setup Time TwiceL | o| - [| - [-%| - |-2[ — [ms 
CE to RE Delay ‘town [TCELWE | 6o| - | | - | 95| — [fas| — | ms) 
ovis Cirwp [TRELWL [100 | — [120] — | 160 — | 200[ = | as 
RE Precharge to CE Hold Tie Tiere [TRENcEL| of - | of - | °| - | o[- [=| 


= CURRENT WAVEFORMS 


RE/CE Cycle Long RE/CE Cycle RE only Cycle Page Mode Cycle 





NOTE : VDD =13.2V, VBB=—4.5V, Ta=25°C 
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= TIMING WAVEFORMS 


e READ CYCLE 
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CLOCK INPUT LEVELS vs. VDD CLOCK INPUT LEVELS vs. Ves 


Tj =50°C 


VIHC( MIN) VDD=12V 


Input Level ({V) 
Input Level (V) 





Supply Voltage VDD ( V) Supply Voltage VBB (V) 


CLOCK INPUT LEVELS vs. Tj ADDRESS AND DATA INPUT 
LEVELS vs. Vppb 


VIH( MIN) 


Input Level (V) 
Input Level (V) 














0.5 
36 20 50 80 110 
Junction Temperature Tj (°C) Supply Voltage VDD (V) 
ADDRESS AND DATA INPUT ADDRESS AND DATA INPUT 
LEVELS vs. VeB LEVELS vs. Tj 
Tj)=50T 
VDD= 12V 
VIH( MIN) 
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= TYPICAL CHARACTERISTICS 


ACCESS TIME (NORMARIZED) vs. VDD 


TRELQV(Normarized) 


Supply Voltage VDD(V) 


ACCESS TIME (NORMARIZED ) vs. Tj 
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Average Supply Current IDD1 (mA) 


—10 20 50 80 110 


Junction Temperature Tj (°C) 





Average Supply Current IDD1 (mA) TRELQV(Normarized) 


Average Supply Current IDD1(mA) 


ACCESS TIME (NORMARIZED) vs. Veg 


1.2 " 
Tj =50C 


Supply Voltage VBB(V) 


IDDI vs. Vpp 





Supply Voltage VDD (V) 


IDDI vs. CYCLE RATE 





Cycle Rate (1/TRELREL) (MHz) 


RE Only Supply Current IDD3 (mA) Standby Supply Current IDD2 (mA) 


Page Mode Supply Current IDD4 (mA) 


IDD2 (STANDBY) vs. Vpp 





Supply Voltage VDD (V) 


IDD3 (RE ONLY CYCLE) vs. VoD 
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Supply Voltage VDD (V) 


IDD4 (PAGE-MODE CYCLE) vs. VoD 
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Supply Voltage VDD (V) 


Standby Supply Current IDD2 (mA) 


RE Only Supply Current IDD3 (mA) 


IDD4 (mA) 


Page Mode Supply Current 


IDD2 (STANDBY) vs. Tj 
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IDD3 (RE ONLY CYCLE) vs. Tj 
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65536-word X1-bit Dynamic Random Access Memory 


The HM4864 is a 65,536-words by 1-bit, MOS random access memory circuit 
fabricated with HITACHI’s double-poly N-channel silicon gate process for high 
performance and high functional density. The HM4864 uses a single transistor 
dynamic storage cell and dynamic control circuitry to achieve high speed and low 
power dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a standard 16 pin 
DIP on 0.3 inch centers. 

This package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features 
include single power supply of +5V with +10% tolerance, direct interfacing capabili- 
ty with high performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize ‘‘false triggering’ of the inputs, on-chip address and 
data registers which eliminate the need for interface registers, and two chip select 
methods to allow the user to determine the appropriate speed/power characteristics 
of this memory system. The HM4864 also incorporates several flexible timing/oper- 
ating modes. 

In addition to the usual read, write, and read-modify-write cycles, the HM4864 is 
capable of delayed write cycles, page-mode operation and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows common I/O capa- 
bility, two dimensional chip selection, and extended page boundaries (when operat- 
ing in page mode). 


= FEATURES 

@ Recognized industry standard 16-pin configuration 

150ns access time, 270ns cycle (HM4864-2) 

200ns access time, 335ns cycle (HM4864-3) 

Single power supply of +5V+10% with a built-in Vgg generator 

Low Power; 330 mW active. 20 mW standby (max) 

The inputs TTL compatible, low capacitance, and protected against static charge 
Output data controlled by CAS and unlatched at end of cycle to allow two 
dimensional chip selection and extended page boundary 

Common 1/O capability using ‘‘early write’ operation 

Read-Modify-Write, RAS-only refresh, and Page-mode capability 

@ 128 refresh cycle 


= FUNCTIONAL DIAGRAM 
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# PIN ARRANGEMENT 





(Top View) 
A,-A, Address Inputs 
CAS | Column Address Strobe 
. Din Data In 
Dout | Data Out 
RAS’ | Row Address Strobe 
WE | Read/Write Input 
Voc Power (+5 V) 
Vss Ground 
A,-A, | Refresh Address Strobe 
<a UCD cath 
nia PRESEN 47 
via. Delile Lame n. 
rails (051) 22.37.14 » 


40122 BOLOGNA 


Note) The specifications of this device are subject to change without notice. Please contact 


your nearest Hitachi's Sales Dept. regarding specifications. 


= ABSOLUTE MAXIMUM RATINGS 


Voéltdae on any Pit relative tO Figg cis ec ee ose ete oe —1.0 to +7V 
Operating Temperature, Ta (Ambient) ............00e00eeeee 0 to +70°C 
Storage Temperature (Ambient) os ..<a% 00. cs cslen so o dee = —65 to +150°C 
RRR PURCIC CTNITON. id. Su cic ba 4 A bee tm wp be ee ee ees 50 mA 
Penman A fe eas ask we Woah abe dca Bie BO GO Ee ew A ORES ov 1W 


= RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 


Parameter [symbol | min. | typ. =~ | max, | Unit Notes 
V 
Supply Voltage = : 1 
gee ee hy eet Nk Sa ee ee eee 
Input High Voltage ee ee ee 1 
Input Low Voltage es Tape et ere er, ee ee eee te 
= DC ELECTRICAL CHARACTERISTICS (7, =0 to +70°C, Voc = 5V+10%, Vss = OV) 
Parameter [symbot [min | max, [Unit | Notes 
OPERATING CURRENT 
Average Power Supply Operating Current (RAS , CAS Cycling; trc=min.) Icc1 mA 2,4 
STANDBY CURRENT 
Power Supply Standby Current (RAS = VzH, Dout = High Impedance) Icc2 3.0 mA 
verage Power Supply Current, Refresh Mode 
Romo ag ne may 4 ‘ 
verage Power Supply Current, Page-mode Operation 
(RAS = Vyz, CAS Cycling; tpc = min.) loc4 45 mA ‘ 
-oudied LEAKAGE 
nput Leakage Current, any Input (Vin = 0 to +6.5V, all other pins - 
not under test = OV) TTL 10 10 A 
OUTPUT LEAKAGE 
Output Leakage Current (Doyt is disabled, Vout = 0 to +5.5V) IOL —10 10 wA 3 
OUTPUT LEVELS 
Output High (Logic 1) Voltage Vout = —SmA) VOH 2.4 Voc V 
Output Low (Logic 0) Voltage Vout = 4.2mA) VOL 0 0.4 V 
NOTES 
1. All voltages referenced to Vgs. 
2. Icc depends on output loading condition when the device is select- 
ed. cc max. is specified at the output open condition. 
3. Jo consists of leakage current only. 
4. Current depends on cycle rate: maximum current is measured at the 
fastest cycle rate. 
= AC ELECTRICAL CHARACTERISTICS 
Parameter [symbol wp. | max. [Unit [Note 
Input Capacitance (A,-A,, Din) | ma) = «|. Mgedlens@r gees 
Input Capacitance (RAS, CAS, WE) es ae es ee ee 
Output Capacitance Dout) "OS Gon ieee 
NOTES 


1. Capacitance measured with Boonton Meter or effective capacitance 
measuring method, 


2. CAS = V7 to disable Dout. 





= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS?» 
(Ta = 0 to +70°C, Veco = 5V+t10%, Vss =0V) 


Parameter Unit Notes 


Random Read or Write Cycle Time tRC zz hess 
Read-Write Cycle Time tRWC a Se 8 ae 
Page Mode Cycle Time ae eR 


Access Time from RAS tRAC 


Access Time from CAS ar ae ae 
Output Buffer Turn-off Delay | tore | 0 | 


HM4 864-2 HM4 864-3 
Symbol 


4,6 
5, 6 
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Transition Time (Rise and Fall) 5 


RAS Precharge Time ERP ne ee 


. 
WwW 
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Ww 
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~— 


RAS Pulse Width 150 | 10000 | 200) | 10000 | ns | 
RAS Hold Time a aay ee a re 
CAS Pulse Width oe ae ASE. eel Ee 
CAS Hold Time coe Ss. eee re 
RAS to CAS Delay Time Vien | 20 |. a | > | (o-| m_| & 
CAS to RAS Precharge Time Vtone | -0 | - | - | — [om 1 
Row Address Set-up Time ea he 
Row Address Hold Time Come we aoe See we 
Column Address Hold Time om ee eee ee 
Column Address Hold Time referenced to RAS tAR eo ie eS 120 Teas ae ae 
Read Command Set-up Time SS oe Soe ee 
Read Command Hold Time aon MR ge es ah Da ee RE el 
Write Command Hold Time ed oe oe tte ee 
Write Command Hold Time referenced to RAS E30 a eee eee 
Write Command Pulse Width A a, a cae) I 
Write Command to RAS Lead Time a a a 2 I 
Write Command to CAS Lead Time roms | | — | s | - | = | 
Datain Setup Time ee ep ee | ee 
Datain Hold Time IO ae ies esas eT 
Datacin Hold Time referenced to RAS Pie ee 
CAS Precharge Time (for Page-mode Cycle Only) tcp ide el Pee (a A a 
TReftesh Period Sr ee a a A ST 
WE Command Set-up Time Rk nw wee ees. 
CAS to RAS Delay ee ae ee ee 
RAS to WE Delay Se a iw eee a Hy ve 
RAS Precharge to CAS Hold Time ie ic acl ee 
NOTES 
1. AC measurements assume ¢7 = 5ns. 8.Operation with the trcp (max) limit insures that fRAc (max) can 
2.8 cycles are required after power-on or prolonged periods (greater be met trcp (max) is specified as a reference point only; if tRcp is 
than 2ms) of RAS inactivity before proper device operation is greater than the specified ‘RCD (max) limit, then access time is 
achieved. Any 8 cycles which perform refresh are adequate for this controlled exclusively be ‘CAC. 
purpose. 


9.These parameters are referenced to CAS leading edge in early write 
cycles and to WE leading edge in delayed write or read-modify-write 
cyeles. 
10.twcs, tcwp and tRwp are not restrictive operating parameters. 
They are included in the data sheet as electrical characteristics only: 
if twos = twcs (min), the cycle is an early write cycle and the data 
out pin will remain open circuit (high impedance) throughout the 
entire cycle; if tcwp = tcwp (min) and tRwp = tRwp (min) the 
cycle is a read/write and the data output will contain data read from 
the selected cell; if neither of the above sets of conditions is satisfied 
the condition of the data out (at access time) is indeterminate. 


3.Vimy (min) and Vyz_ (max) are reference levels for measuring timing 
of input signals. Also, transition times are measured between V qy 
and V7. 

4. Assumes that tpcp = tRcp (max). If trcpD is greater than the maxi- 
mum recommended value shown in this table, tRAc exceeds the 
value shown, 

5. Assumes that rcp =tRCD (max). 

6.Measured with a load circuit equivalent to 2TTL loads and 100 pF, 

7.tOFF (max) defines the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 
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= TYPICAL CHARACTERISTICS 


ACCESS TIME ACCESS TIME SUPPLY CURRENT 
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= APPLICATION INFORMATION 

@ POWER ON 

An initial pause of 500 us is required after power-up followed 
by a minimum of eight (8) initialization cycles (any combina- 
tion of cycles containing a RAS clock such as RAS-only re- 
fresh) prior to normal operation. 

The Vcc current (Jcc) requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of Vcc, as shown in Fig. 1. 


@ READ CYCLE 

A read cycle begins with addresses stable and a negative going 
transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter fasr. 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is tran. Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable, CAS can be turned on. The 
leading edge of CAS is controlled by parameter trcp. The 
basic limit on the CAS leading edge is that CAS can not start 
untill the column address is stable, and this is controlled by 
parameter tasc. The column address must be held stable long 
enough to be captured. The controlling parameter is tCAH. 
Note that trcp (max) is not an operating limit of the HM4864 
though its specification is listed on the data sheets. If CAS be- 
comes on later than trcp (max), the access time from RAS 
will be increase by the time which trcp exceeds trcp (max). 
Following the time when CAS reaches its low level, the data- 
out pin remains in a high impedance state until a valid data 
appears. This parameter is 7 is tcac-access time from C CAS. 

The access time from RAS-trac-is the time from RAS-on to 
valid Dout. 

The minimum value of trac is derived as the sum of trcp 
(max) and fcac. 

The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is torr. 
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Fig. 1 Typical /cc vs. Vcc during power up. 


@ WRITE CYCLE 

A write cycle is performed by bringing WE low before or dur- 
ing CAS-on. 

Two different write cycles can be defined as; 

Write cycle-Write data are available at the beginning of the 
CAS-on so that the write operation starts at the beginning. In 
this mode, Dout and WE signal times are not in any critical 
path for determining cycle time. 

Following the time when WE reaches its low level, WE must be 
held stable long enough to be captured. This WE-on pulse de- 
ration is called twp. The time required to capture write data in 
a latch is called tpx. This cycle is called an ‘‘early write’’. 


Read Write cycle- This cycle starts as a read cycle, but as soon 
as the device specification is met, a write cycle is initiated. 

WE and Din are delayed until after Dout. This cycle is called a 
“delayed write’. A ‘“‘Read-modify-write’’ cycle is a variation 
of this operation. In this mode, Din and WE become critical 
path signals for determining cycle time. 


@ CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to valid data. 
In the case of CAS, this is controlled by parameter tc,g (min). 
In the case of RAS, this is controlled by parameter trsy 
(min). Following the end of RAS, CAS must stay off long 
enough to precharge internal circuits. The only parameter of 
concern is trp. Normally CAS is not required to be off for 
minimum time of tcrp. However, in a page mode memory 
operation, there is a fcp (min) specification to control the 


AS -off time. 











@® DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out of two 
standard TTL loads. 

When CAS is high, Dout is in a high impedance state. When 
CAS is low, valid data appears after tcac at a read cycle, and 
Dout is not valid at an early-write cycle. 


® REFRESH 

Refresh of the HM4864 is accomplished by performing a 
memory cycle at each of the 128 row addresses within each 
two millisecond time interval. 

AO to AG are refresh address pin compatible with standard 
16K RAM (HM4716A, HM4816). Any cycle in which RAS 
signal occurs refreshes the entire selected row. RAS -only 
refresh results in substantial reduction in operating power. 
This reduction in power is reflected in the Jcc3 specification. 


@e PAGE MODE 

Page mode operation allows faster successive memory opera- 
tions at multiple colum locations of the same row address with 
increased speed. 

This is done by strobing the row address into the chip and 
maintaining RAS at a logic low throughout all successive CAS 
memory cycles in which the row address is latched, As the 
time normally required for strobing a new row address is 
eliminated, access and cycle times can be decreased and the 
operating power is reduced. These are specifications. 
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